Sleep spindles are distinctive electroencephalographic (EEG) oscillations emerging during non-rapid-eye-movement sleep (NREMS) that have been implicated in multiple brain functions, including sleep quality, sensory gating, learning, and memory. Despite considerable knowledge about the mechanisms underlying these neuronal rhythms, their function remains poorly understood and current views are largely based on correlational evidence. Here, we review recent studies in humans and rodents that have begun to broaden our understanding of the role of spindles in the normal and disordered brain. We show that newly identified molecular substrates of spindle oscillations, in combination with evolving technological progress, offer novel targets and tools to selectively manipulate spindles and dissect their role in sleep-dependent processes.
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Sleep spindles: from their first identification to their molecular substrates Eighty years after the first description by the pioneers of EEG recordings [1, 2] , sleep spindles have developed into a topical subject lying at the intersection of major areas of research in the neurosciences. The cellular and circuit bases of these unique EEG rhythms have been studied for decades in vitro, in vivo, and in computo [3, 4] , whereas, more recently, the search for their neurobiological functions has gained considerable attention. Research on sleep spindles has not only pioneered approaches to unravel novel functions of sleep, but has also extended to the pathophysiology of neuropsychiatric disorders.
In the sleeping human brain (Box 1), spindle oscillations appear as brief (0.5-3 s) episodes of waxing-and-waning field potentials within a frequency range of approximately 9-15 Hz [5, 6] . Spindles are a hallmark for light stages of NREMS, during which they recur prominently once every 3-10 s in conjunction with other EEG rhythms between 0.5 and 16 Hz, but they are also found during deeper sleep stages [5] . Spindle-generating neuronal circuits reside in the intrathalamic network of nucleus Reticularis thalami (nRt) cells and thalamocortical (TC) cells (Figure 1) .
What is the contribution of these discrete brief oscillatory events to sleep and its reportedly beneficial effects on brain function? Several correlational studies implicate spindles in memory consolidation and neuronal development, but there is little direct causal evidence. However, with recent technological progress, spindles now appear accessible as targets for selective manipulations that spare other sleep rhythms. For example, mutations inducing loss-or gain-of-function in nRt discharge have offered insight into previously unrecognized roles of spindles in sleep quality and arousal threshold. With the upcoming optogenetic control of nRt, a battery of tools is currently being developed to unravel spindle function in the normal and diseased state.
Previous excellent reviews have thoroughly described cellular and network bases of spindle generation [3, 6, 7] . We first review recent work on genetic models that has expanded the mechanistic understanding of this EEG rhythm through the modification of novel molecular substrates. We then discuss the current views about the functional aspects of spindles in brain physiology and pathology, as obtained from studies in naturally sleeping animals and humans. We highlight studies indicating that spindles are accessible for selective interventions, which, with emerging technologies, will open avenues to decipher spindle function.
Novel molecular aspects of spindle generation
Sleep spindles emerge from a limited set of cellular participants: the resonating core of these waxing-and-waning oscillations resides in the nRt-TC loop, which sustains repetitive burst discharges of its cellular components under the control of cortical inputs (Figure 1) . Neurons in the nRt, the main spindle pacemaker, possess a specialized assembly of ion channels, synaptic receptors, and mechanisms for intracellular Ca 2+ handling to sustain the vigorous rhythmic burst discharges necessary for spindle generation. Foremost among the ionic mechanisms underlying rhythmic nRt bursting are the low-voltage gated Ttype Ca 2+ channels (T channels) and the small-conductance Ca 2+ -activated type-2 K + channel (SK2 or Kcnn2 
